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This application claims the benefit of Korean Patent Application No* 99-17169, filed on May 
13, 1999, which is hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to an optical detecting sensor, and more particularly, to a 
thin film transistor (TFT) type optical detecting sensor that has a sensor TFT, and a switching 
TFT. 

Discussion of the Related Art 

The TFT type optical detecting sensor detects an image of an object by producing a 
detecting current in response to light reflected from the object. The sensor is comprised of a 
light source, a window which transmits light from the light source to the object, a sensor TFT 
which generates an optical current in accordance to the amount of the light reflected from the 
object, a storage capacitor which stores charges of the optical current generated in the sensor 
TFT, and a switching TFT which controls the release of charges of the storage capacitor to an 
external circuit. 

Since the sensor TFT and the switch TFT are comprised of similar elements, in 
making the detecting sensor, the active layers for the sensor TFT and the switching TFT are 
preferably deposited and patterned at the same time. The active layer for the sensor TFT 
should be chosen among the materials that are sensitive to light and active in converting light 
into current. Also the active layer of the switching TFT should be proper for the switching 
operation. Thus, to satisfy both conditions, the active layer for the TFTs is preferably an 
amorphous silicon layer having hydrogen (a-Si:H, herein after referred as "amorphous silicon 
layer"). 
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Since the switching TFT is operated by a voltage applied to a gate of the switching 
TFT, not by the light, the active layer of the switching TFT should be shielded from light, 
whereas the active layer of the sensor TFT generates optical current by the incident light 
reflected from the object. 

Fig. 1 is a schematic sectional view of a conventional optical detecting sensor, which 
can explain a manufacturing process. 

First, on a transparent and insulating substrate 10, regions for a window, a sensor 
TFT, a storage capacitor, and a switching TFT should be defined as the areas "D", "C" "B" 
and "A", respectively, in advance. 

A first conducting metal layer is deposited on the substrate 10 and patterned into a 
sensor gate electrode 1 1, a first capacitor electrode 13 and a switch gate electrode 15 in the 
corresponding areas, respectively. 

A first insulating layer is deposited on the substrate 10 while covering the patterned 
conducting metal layer. 

An amorphous silicon layer and an n+ amorphous silicon layer are deposited in 
succession on the first insulating layer to form sensor and switch active layers 19 and 21 and 
ohmic contact layers 23 and 25 for the corresponding active layers 19 and 21, respectively. 

A second conducting metal layer is deposited on the first insulating layer and 
patterned into sensor source and drain electrodes 27a and 27b, a second capacitor electrode 29 
and switch source and drain electrodes 31a and 31b. The second conducting metal layer may 
be made of a general non-transparent metal or a transparent conducting material, for example, 
indium tin oxide. 
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A second insulating layer 33 is deposited on the second conducting metal layer and 
the exposed portion of the active layers 19 and 21. Then a light shielding layer 35 is formed 
on the second insulating layer 33 over the switch active layer 21. 

The contact portion between switch drain electrode 31b and the switch active layer 21 
is shown in detail in Fig. 2, which is an enlarged view of portion "J" of Fig. 1. 

The upper portion of the switch active layer indirectly contacts the switch drain 
electrode 31b through the ohmic contact layer 25 that restricts the hole current flow, whereas 
the side portion V of the switch active layer 21 directly contacts the switch drain electrode 
31b. Since there is no ohmic contact layer in the side contact area "w" of the switch active 
layer 21, the leakage current to the switch drain electrode 31b is bigger than in the upper 
contact portion of the switch active layer 21, resulting in an adverse affect on the operation 
characteristics of the switch TFT. 

Fig. 3 shows the relationship between gate voltage V G2 for switching TFTs having 
drain electrodes made of different materials and drain current I D If the drain electrode is 
made of transparent conducting material, as illustrated in solid line 36, the leakage current (or 
off-current) and the on-current are low, since resistance of the transparent conducting material 
is relatively high, which means that there is a small current gap between negative and positive 
voltage of gate electrode. If the drain electrode is made of a non-transparent metal, as 
illustrated in the dot-dash line 34, both the off-current and the on-current are relatively high, 
also resulting in a small gap between the off-current and on-current. 
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SUMMARY OF THE INVENTION 

Accordingly, the present invention is directed to an optical detecting sensor having a 
switch TFT with reduced off-current and increased on-current that substantially obviates one 
or more of the problems due to limitations and disadvantages of the related art. 
5 An object of the present invention is to provide an optical detecting sensor having a 

switch with good operation characteristics. 

Additional features and advantages of the invention will be set forth in the description 
which follows, and in part will be apparent from the description, or may be learned by 
practice of the invention. The objective and other advantages of the invention will be realized 

1 0 and attained by the structure particularly pointed out in the written description and claims 
hereof as well as the appended drawings. 

To achieve these and other advantages and in accordance with the purpose of the 
present invention, as embodied and broadly described, an optical detecting sensor includes a 
sensor thin film transistor (TFT) generating optical current by incident light reflected from an 

15 object; a storage capacitor storing charges of the optical current generated in the sensor thin 
film transistor; and a switching TFT controlling the release of the stored charges of the 
storage capacitor to an external circuit for display of an image of the object, the switching 
TFT having dual-layered source and drain electrodes of transparent conducting material and 
metal material, an active layer and a gate electrode. 

20 It is to be understood that both the foregoing general description and the following 

detailed description are exemplary and explanatory and are intended to provide further 
explanation of the invention as claimed. 
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BRIEF DESCRIPTION OF THE DRAWING 

The accompanying drawings, which are included to provide a further understanding of 
the invention and are incorporated in and constitute a part of this specification, illustrate 
embodiments of the invention and together with the description serve to explain the principles 
5 of the invention. 

In the drawings: 

Fig. 1 is a sectional view of an optical detecting sensor according to the prior art; 
Fig. 2 is an enlarged view of portion "J" of Fig. 1; 

Fig. 3 is a graph illustrating the relationship between gate voltage V G and drain current 
10 I D for a switching TFT with a non-transparent metal drain electrode and for a switching TFT 
with a transparent conducting material drain electrode; 

Figs. 4a to 4c are sectional views illustrating a process of manufacturing an optical 
detecting sensor according to the present invention; 

Fig. 5 is an enlarged view of portion "P" of Fig. 4a; and 
15 Fig. 6 is a graph illustrating the relationship between gate voltage V G and drain current 

I D , a switching TFT with a non-transparent metal drain electrode, a switching TFT with a 
transparent conducting material drain electrode, and a switching TFT having the drain 
electrode according to the present invention. 



20 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Reference will now be made in detail to a preferred embodiment of the present 
invention, an example of which is illustrated in the accompanying drawings. 

Figs. 4a to 4c illustrate a process of manufacturing an optical detecting sensor 
according to an embodiment of the present invention. On a transparent substrate 110, regions 
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for a switching TFT, a storage capacitor, a sensor TFT, and a window are defined as "E", "F", 
"G", and "H", respectively. A conducting metal layer is deposited on the substrate 110 and 
patterned into a sensor gate 1 1 1, a first capacitor electrode 113, and a switch gate 1 15 in the 
corresponding regions, as shown in Fig. 4a. The conducting metal is preferably selected from 
5 the group consisting of molybdenum (Mo), tungsten (W) and aluminum (Al). 

As shown in Fig. 4b, a first insulating layer 117, which is preferably one of the group 
consisting of aluminum oxide (Al 2 O x ), silicon oxide (SiO x ) and tantalum oxide (TaOJ, is 
deposited on the substrate 121 while covering the switch gate 115, the first capacitor 
electrode 113 and the sensor gate 1 1 1 . An amorphous silicon layer and an n+ amorphous 

1 0 layer are deposited on the first insulating layer 1 17 in succession to form switch and sensor 
active layers 121 and 119, and switch and sensor ohmic contact layers 125 and 123 over 
switch and sensor gates 115 and 111, respectively. Switch and sensor active layers 121 and 
1 19 are preferably smaller than the switch and sensor gates 115 and 111, respectively, in 
order to protect the active layers 121 and 119 from the light of a light source (not shown) 

1 5 under the substrate 1 10. A transparent conducting material is deposited thereon to form 
switch source and drain electrodes 129a and 129b, a second capacitor electrode 131 and 
sensor source and drain electrodes 127a and 127b. In the thin film transistor optical detecting 
sensor, since it is desirable that light from the light source positioned under the substrate 110 
should be transmitted to an object over the substrate through the substrate 110, especially 

20 through the window area "H" as much as possible, a transparent conducting material such as 
indium tin oxide is used. 

Also, the switch source and drain electrodes 129a and 129b do not cover the whole 
ohmic contact layers 125, as shown in Fig. 4b, and each ohmic contact layer 125a and 125b 
for switch source and drain electrodes 129a and 129b has an exposed portion "AL". 



DC:38602.1 



7 



PATENT 
8733.20050 

Referring to Fig. 4c, subsidiary switch source and drain electrodes 133a and 133b 
made of a non-transparent metal are formed on the switch source and drain electrodes 129a 
and 129b while contacting the exposed portions "AL" of the ohmic contact layers 125a and 
125b, respectively. Thus, the switch drain and source electrodes have a dual layered structure. 
5 The non-transparent metal is selected from the group consisting of tungsten, molybdenum 
and chrome, each of which has a lower contact resistance than the transparent conducting 
material such as indium tin oxide. 

The second insulating layer 135 is deposited on the whole surface of the substrate 
1 10, after forming the subsidiary switch source and drain electrodes 133a and 133b.A light 
1 0 shielding layer is formed thereon over the switch active layer 121. 

Referring to Fig. 5 which is an enlarged view of portion "P" of Fig. 4c, the contact 
structure between the ohmic contact layer 125b and the dual layered drain electrode is 
explained in detail. For an optical detecting sensor, the drain and source electrodes of the 
switching TFT should employ the transparent conducting material. But according to the 
15 embodiment of the invention, the drain and source electrodes have a dual layered structure of 
transparent material electrode 129b(129a) and non-transparent metal electrode 133b(133a). 
The transparent material can function as a hole barrier layer between the semiconductor layer 
and the source and/or drain electrode(s). Thus, the OFF-current or leakage current can be 
reduced by adopting the transparent electrode 129b(129a), while the ON-current can be 
20 maintained by the non-transparent metal electrode 1 33b(133a). 

Fig. 6 is a transfer curve which shows the relationship between gate voltage V G and 
drain current I D for switching TFTs whose drain electrode is made of a non-transparent metal 
(dot-dashed line), a transparent conducting material (dashed line) and the dual-layered drain 
electrode (solid line) according to the present invention. 
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The dual-layered drain electrode 45 according to the present invention has a 
characteristic such that in the negative gate voltage region, the off-current or leakage current, 
which is desired to be as low as possible, is almost the same as that of the transparent 
conducting material drain electrode 43, whereas the on-current, which is desired to be as high 
5 as possible, is almost the same as that of the non-transparent metal drain electrode 41 . 

Therefore, since the thin film transistor optical detecting sensor according to the 
present invention has a switching thin film transistor having dual-layered source/drain 
electrodes, the switching characteristics can be improved. 

It will be apparent to those skilled in the art that various modifications and variation 
1 0 can be made in the thin film transistor type optical detecting sensor of the present invention 
without departing from the scope of the invention. Thus, it is intended that the present 
invention covers the modifications and variations of this invention provided they come within 
the scope of the appended claims and their equivalents. 
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WHAT IS CLAIMED IS: 

L An optical detecting sensor, comprising: 

a sensor thin film transistor (TFT) generating optical current by incident light 
reflected from an object; 

a storage capacitor storing charges of the optical current generated in the sensor thin 
film transistor; and 

a switching TFT controlling a release of the stored charges of the storage capacitor to 
an external circuit for display of an image of the object, the switching TFT having dual- 
layered source and drain electrodes of a transparent conducting material and a metal material, 
an active layer and a gate electrode. 

2. An optical detecting sensor according to claim 1, wherein the metal for the dual- 
layered drain and source electrodes is a substantially non- transparent metal material. 

3. An optical detecting sensor according to claim 1, wherein the metal for the dual- 
layered drain and source electrodes is selected from a group consisting of tungsten, chrome 
and molybdenum. 

4. An optical detecting sensor according to claim 1, wherein the transparent conducting 
material is indium tin oxide. 

5. An optical detecting sensor according to claim 1, wherein the dual-layered source and 
drain electrodes each comprise a transparent conducting material layer residing on a metal 
material layer. 

10 
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1 6. An optical detecting sensor according to claim 5, wherein the metal material is a 

2 substantially non-transparent metal material 

1 7. An optical detecting sensor according to claim 1, wherein said switching thin film 

2 transistor further comprises an ohmic contact layer on the active layer through which the 

3 dual- layered drain and source electrodes contact the active layer. 

1 8, An optical detecting sensor according to claim 7, wherein the dual-layered source and 

2 drain electrodes each comprise a transparent conducting material layer residing on a metal 

3 material layer. 

1 9. An optical detecting sensor according to claim 8, wherein the metal material is a 

2 substantially non-transparent metal material 

1 10. An optical detecting sensor according to claim 8, the transparent conducting material 

2 layer and the metal material layer each contact the ohmic contact layer. 

1 11. An optical detecting sensor according to claim 1 0, wherein the transparent conducting 

2 material layer also contacts the active layer. 

1 12. An optical detecting sensor according to claim 11, wherein the transparent conducting 

2 material layer contacts the active layer at an edge thereof. 
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1 13. A thin film transistor (TFT) image sensor, comprising: 

2 a sensor TFT having a gate electrode and spaced apart first and second electrodes; 

3 a switching TFT comprising, 

4 a gate electrode, 

5 an insulating layer formed on the gate electrode, 

6 a semiconductor layer formed on the insulating layer above the gate electrode, 

7 spaced apart first and second electrodes formed on the semiconductor layer 

8 and defining a channel region therebetween in said semiconductor layer, and 

9 a hole barrier layer between the semiconductor layer and at least one of the 

10 first and second electrodes; and 

11 a storage capacitor having a first electrode and a second electrode, the second 

12 electrode of the storage capacitor being connected to the first electrode of the sensor TFT and 

13 the second electrode of the switching TFT. 

1 14. A thin film transistor (TFT) formed on a substrate, comprising: 

2 a gate electrode formed on the substrate; 

3 an insulating layer formed on the gate electrode; 

4 a semiconductor layer formed on the insulating layer above the gate electrode; 

5 source and drain electrodes spaced apart and formed on the semiconductor layer and 

6 defining a channel region therebetween in said semiconductor layer; and 

7 a hole barrier layer between the semiconductor layer and at least one of the source and 

8 drain electrodes. 
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ABSTRACT OF THE DISCLOSURE 

An optical detecting sensor includes a sensor thin film transistor generating an optical 
current in response to incident light reflected from an object; a storage capacitor storing 
charges of the optical current generated in the sensor thin film transistor; and a switch thin 
film transistor controlling release of the stored charges of the storage capacitor to an outer 
circuit for display of image of the object, having dual-layered source and drain electrodes of 
transparent conducting material and metal material, an active layer and a gate electrode. The 
switch thin film transistor further includes an ohmic contact layer on the active layer through 
which the dual- layered drain and source electrodes contact the active layer. 
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